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(54) COMPOUND SEMICONDUCTOR MULTILAYER THIN FILM AND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device which is 
very reliable and has a high mobility and a high resistance over a wide 
range of temperature by forming a strained aluminum.galliumJndium 
antimonide carrier supply layer which is doped with impurities and whose 
lattice constant in the direction horizontal with the surface of a 
substrate is the same as that of InSb. 

SOLUTION: On a substrate 01 made of semi-insulating or insulating 
material whose electrical conductivity per unit area is 0.005 S (siemens) 
or below, a doped InSb buffer layer 02 and an undoped InSb active layer 
03 are formed. Then, a strained aluminum.gallium.indium antimonide 
(AIGalnSb) carrier supply layer 04 which is doped with impurities and 
whose lattice constant in the direction horizontal with the surface of the 
substrate 01 is the same as that of InSb is formed. Thereon, an undoped 
InSb supply layer is formed. 
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(1) *ttBiSfc!3©t«fi**# 
0. 0 0 5 S (v?-;*>*) WT"C*>S^»iRtt*fctt 
!6»tt^*«^bft6»E. (2) ±1E»E±*c«rt* 

(I nSb) /<7 7rS, (3) JblBI nSb/^77 
JBiJCJKrtStLfeTVK-^I nSb^ttl (4) JblE 

y £A ^y^A (AIGalnSb) TfH#& 
AX* (5) ±fB^A I G a I n Sb^yrftft 

2 ] tft$9 l (c|Q«Bo^»^^S«R 
tc^T. ±|BI nSbAyyritCK-tV^^tL 
S^FffifttfS. T/l^-^A (Al) , ^<J1)!>A (B 
e) , Mft (Zn) , (Mg) , 

(O) &1t\*jfVVJ>s (Ga) T*fc5r^»Si« 

3 ] m*« 2 Km*<oib&to¥m#&mnm 

M3oV»T. JifS I nSb^77rI c t 3 Wtt«li:UK 
— tTV'^SttSB e, Zn$fc(iMg^I^iX10 
,6 -lX10 ,9 cm- 3 tfc^ SbtaSKIiBe, 
ZnJfcliMgOgS^ 1 x 1 0 1 7 — 1 X 1 0 1 8 c m' 3 

t£*5V^T, JblEM^A IGalnSb^rtP TMi* 
(cK— fv^SttS^FSBftid^ '>Jay (Si) . rvu 
^ (Te) Sfcfi-fcUV (Se) tfc5^i»»i:t 

[ W*« 5 ] Ift&fl 4 (Cf5«(D^^^*#g^ 
f^io^r. ±mm^A IGa I nSb^r^y Tftt^Ji* 
l:»ilTK-t'y^^tl6Si, Te£fcf*Se 
OlS^lxiO'^lXlO^cm- 3 ^^ £<bf- 
aSKfiSi, Te^fcliSetDM^lxlO 17 - 

1 X 1 0 l8 cm- 3 X^6^M^t6f^S» 

6 ] gft*J6 i icettofc^^ttMftK 
tc^r. ±isi n s b^^77iw- k— fy^^n 

S^FttfedS, 7VU* = £A (A 1 ) , ^UJj^ (B 
e) . (Zn) , ^^v">A (Mg) . 

(O) *tztetfV<?J» (Ga) Tfct), ^7tJb|E<D3I^ 
AIGalnSb ^r^y Ttfe&JI + M K— fc^^SttS 
^FfcfiWdS, ->y^> (si) , (Te) 

(Se) r*6^fc«rW«i:i-Sft-fr»*Wflc*Ji 

fCjS^T, ±IEOM^A IGa I nSb^tD TflMSS 
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[!»*3S8] GaAsIS^ J:EGaAsSfi±lC 
»fiH*iXfc*W»**r«Srt- **M6ikttA I G a I n 
S bJi. ±E*N6iftt£A IGa I n S b Ji±{d?g/S<5 tl 
*>OB eri* K— f^^^tUfc I nSb^y77l, _blB 

I n S b^"<^^r^±{-?FM^tLfcr^K-^ , I n S b 
f&ttS, HBT y K-7' I n S bffiliCM^^ 
oSe^ K— t'^Jf&tltzmfrA I G a I n S b^r-Y V 
rfife»/iat5±IBS*A IGa I nSb^t!) 

[»*«9] (i) mtfc®«sfet)o««e»**s 

0. 0 0 5 S W-*^>X) «T^fc5iM6»tt*fctt 
lftl»tto*fr^feft*»K, (2) Jb1EX«±K»is!t£ 
*U K-f I n S b^3/7rS, 

(3) ±12 1 n Sb^y^rJli^fiitSiXfcr^K— 
/inS b»ttJi, (4) ±IST^ K-^I n S bf&te 

LTzK¥*ftOft^«ctfS I n S b irCT— 
20 AIGalnSb^y/im (5)_h|H^^AI 
Ga I n S b^r-r V T«|&»±tC»rt£ixfcr K— ^ 
I n S b^t^^ (6) _hfST^K— 7*1 n S b 
iry^»±fcRltfenfc**<?!)«i, Rt; (7) JitST 
>- ^ I n S b 3r-V y ^Ji±«C****tfc|ft|fttt(ftli 

itmm i o i m&m 2 - s ^ tbd^cieifeo^^ 
m±tcm?htitim%c<omMk, ±iet>k-:/i ns 

[0001] 

[0 0 0 2]*«Btt, SblcffUfi, MSStfiS 
[0 0 0 3] 

[«*ose«] i n sb»Rtt, ±toi 1 i-v mit&m 

[0 0 0 4] I nSbil^lUc^ftSI^L 
50 ^ftifOK**^*) ttWnrM*'** *&*MhtlX 
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rtlfji^M^Cio^^ I n S bSKt S 

TSm^A, 1 1 7, 7 (1 9 9 7) J {Ctf £it<5 <fc 0 

66, 3618 (1989) J fc^ft^j; 
*tt»#t*)5G a A s I n P»K±^«*SiXTV^ 

/d^, B 1 4, 2339 (1996) J IC^Stl* 
<fc 5 G a A s StE±K*T-?F»*«ftE t ttA 1 
x InixSb (x^O. 07) JBSrfl&SU -tO-hMBS 
#^J?^T<o I n S bjStt«*ri»*-ti:**«fetto6n 

[0005] :^j;5^inSbilf:«W» 
*3 ft £ HW A trflES-f - -6 £ J^Tco^n < fcft * . 
[0 0 0 6] (HMD InSblMf^l 
ttlS^G a A s Srffl^fc»g\ 1IH n 

til n.Sblfl:i±^7-<yh6fii^ **<Z>*£if!. 
MMALTl^o ^tL^jBfi^llttlnSbit 
«T*ff+3«^jEJL*1KaU I n S b ^co^tbS^ 
*U<{£T^-^6o InSblSrfSttiiL 

[0007] (Ri^ 2 ) ±K#tf fc^«)S©TO|S|p] 

^-^•^•7/7^ K'7r^^, 7 4, 
1793 (199 3) J t£fE«£;ft,-0>£ 0 L^LftriS 

SfPOI n S bJBfc*fe«^e*^#-^i-S^i«), InS 
bS^cotg;^:ii:^^ : L<ig:TLrL^ ok^oiK&tf 
HhZ>o w<O«ftffiffiffi<04S^ I n Sbfl^E^Uc 

[0 0 0 8] (B9jH^3) -^cote, InSb(illl-VS 

2) fc>b^b^:J;5fc:*^ia®^(e:M'5ri:^ 
<b £ * 9 > I n S b ^m^T^W * <7>ffiffl £ ffljttfc-f 
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[0 0 0 9] (BULK 4) Jb1SWHjSt-»J£-r«*fti: 
It, Kt-fcSV^7^ir^-<!:i^^I nS 
bSttltCK-tVi/U InSbi^Oi^g®: 

©tt*i ITInS btO»lS^fiTLtUi5. 
JO [0010] 

4:, &tf±flB I n S b*{fc-&«>**^Jl»IRS:*iJfflb 
[0 0 1 1 ] 

20 0. 00 5 S (^-^>-*) KT-e*>«*J6IW*4^W: 
fe ft aaKff, (2) ±IES«±Ki^fifc£ 

(I n S b) ^^rJl. (3) JifS I nSb^77r 
I±(aM^tlt/yK-/I nSbffim (4) _k 
15T> K— I n S biSStti±tt««S^ ^N«^ K 

nSbi:f5]-r*fe^, 1^7m>{li7;K = ^ • 
# y • ^ >-^i* ( A I G a I n S b) H!)7t 
iS&JB* St/ (5) _h!B^.AI Ga I nSb^!i7i 
30 j»»±«C»riJ*ttfcrV K-^I n Sb^rty/id^ 
ft 5 I n SbM^W^Iig-Cfc^, 

[0 0 12] J: (A) 

IfSlnSb %fc^ft¥«tt£JIMI& (B) _hfS I n 
S bM^^iMl»^tt^7y K-y I n S 

bm±lzmfbtil±W&<onMRTt (c) ±EryK- 

[0013] **M©^**#ft:*JI?»«t&t/*Wf*: 
(A 1 ) . ^yy^A (Be) . igft (Zn) , 

>^^a (Mg) , ^ (o) ^^li^ry^A (Ga) & 

S^LTte, Be, Zn^tfiMg^iS^ixiO 16 
-lX10 ,9 cm- 3 ^t^©^K, ^bi-Be. 
Z n£fcteMg<D2g®^ 1X10 ,7 -1X10 ,8 C m" 3 

[0014] 

3S«tC*5JtS3I^A I G a I nSb^y (7 
50 n S bm&m±izB!&£tlZ>) CK-t'y;/ 
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zttttmyot u-c**, (si), tvu/u (t 

e) XUHzl^ (Se) mm-fhin*. iiecoK-t 0 ^ 
?m*F>®m<D K-fy^fiSt LTIi, M^-A I G a I 
nSb^t!)7ftft|OSi, TeJfctt'S eOlSt 
lxiO ,6 -lxiO ,9 cm- 3 <!:tacO»^l<, £ 
bCSi, Te$fclj:Se(OSS^lxiO n -lxi 

[0 0 1 5 ] 

1 ±l-/£S LfclnSb Xfc«tt¥*ft£MMRJI 0 2 
— 0 SOrt, tTI^ K— fc'>^£*L7t InSb|02 

1, Be, Zn, Mg, OSfcliG a tt K 

*U Je*W(C_bl5C0 K— f>^S;ft,fc I n S bJfO 2 

I n S b§0 3 \Z.<D&nffi<D*MftiimfrZ> ^t{C 
^(D I n S blO 3li±lEM^bOlf f =^ 

^45. £ fcfc. _hfETV K— 7*1 n S bJfO 3_hf£, 
Si, S e ^ tf4T e ^ t°y >/^tlfcl^A I G a 
InSb^y TW&M 0 4 jWftftSfu H^-LIE^ 
^A IGalnSb^rt!) X#y£Jf 0 4 ^b±lET> K 
-^InSbl0 3-.M$tbS 0 :tl(aot, SJH 

*J»Rfc^fc¥W#3S««:, «gO|£as8fcLV^ifl 
[0016] (IHfctS) **MOY^«j^a»ft:^S*« 

[0017] ( 1 ) mm : ¥«6»tt:G aAslSlll 

ttS3-t"Syii«e>0^|6iB:ttA 1 0. 10 5GaO. 045 
I n 0. 85SbI12 mm : 0. 8 fi m) jMgfifcS 

[0018] (2) K— fcT^Sftfc I n S bJB : ±IB 
^NfiBttA IGalnSbll 2 ±{^, Lt , 

Wfoh UB e «S3X 1 0 17 c nT*t£ K— 
tl/ t :InSb^>777ll3 (IRff:0. 2Mm) « 

[0 0 19] (3) TyK^I nSbl: _bfSK-fc:* 
y^^tlfcInSb^^77il3±(^ [^MLT, 
7yhWlnSbfilttll4 (KJ*:0. OA urn) 

[0 0 2 0] (4) ^A IGalnS b^rtyrM 
M : JifBT>K-^I nSblSttil 4±(C, «t 
t, W»iLTSe$:8S2. 7 X 1 0 1 7 / c m" 3 (C 
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K— LfcM^A 1 o. 105 G a 0.045 I no.ssSb 

JB 1 5 (RJ? : 1 5 nm, LTTk^lRl^te 

■*-jSRa* 1 n s bkm--chz>) tm&ztitio 

[0 0 2 1 ] (5) TyK-yinSb^t^T'I:! 
BE3^A IGalnSb^rty Ttt*&B 1 5_hi^, mm 
(CLT, TVK-y I nSb^^il 6 (Hi? : 5 

nm) a*»ritsixfc 0 wiaot, in-i 6^ma 

[0 0 2 2] (6) IfiftttfrWftfllR: ±B7yK-^ 
/0 InSb^rt^il 6lC«W£ftilR (*J>f5K 

3K#y-^ : Bfi:{brit»a*ttiaop i q&u^p i x^>y 

-XcDztfy-^) 17 mm: 0. 4/xm) tfSJ&££jft, 

[00 2 3] (7) mM: ±E£lM£*WftRR 1 7 a* 
«***ifcYb****##»*Ro*ffi(C>— L 

T, ±EJ6»ttW«««R l 7tf>— »«rl»*U 

nSb^^ll 6±i:Miii 8^j$£;ft7t 0 
20 ^_h(cJ;oTil 1-1 6d^*S^#l**«:*«» 
R> 1&1M£#NKRRR i 7 RxmSkmm l 8 *^~fZ>ik 

&**mimm&ifciiL s tut. 

[00 24] (^(Httoffff) £Lt^ bfc^ig^ 

an d e r Pa u wi£M J; — ^SJSSrtTo fcHg 
4 0, 4 00 cm 2 /Vs^StS^Sbilfeo * 

7c, - 5 ot:a>fc i o o°c^x-(Dmx^^m^m<^^ 
- htmm<o&<k*mm\.itm^ m&<n i n sb»i 

[00 2 5] (3I3*A I Ga I nSb^rt D Tjf<£>B£# 
RJ5) 3 J - W. Matthews^ (v*^ — 

• ty- ^y^^/W-^P')^ 1 9 74f. 2 7^. 

l l 8-<— v>) lc:J:D«3B**tfe**rfflv^rW-*Sn 
7t, M^A IGalnSbHli Tttl&aiCteftS A 1 
&^GaOffl^Jt(c:*ti-5B5#RffSr^Lrv^o ^J^L 
}^A1 tGa(D|lfijc^7/3T^61^ (A 1 o. 7 G 
40 ao.3 ) x I ni-» S b y 7«f^<7)x« 0. 

1 5 <h LTt^fa*, ^-^ y rw^(Dia#R^« 1 

5. 6 7nmT£>oT, ^ O^il^r^XLT^c^ ^itfc^ 

LT*¥#lpJ<a»^»:dS I n S b tl^l— -efeS, _hlS 
^A I G a InSb^t!) T^jfgJiJi, ID 3 fcrnr& 

50 ftfftMte, A 1 G a OjB^Jt^ 7 / 3 "C?*) 51^ (A 
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lo.7 Gao.3 ) x I m-x S b -Y V T W^M^lClS 
V^Tte, x^O. 12gp^/?^ 2 0. 6 9 (nm) t 

[0026] (^^^g (Dmmt nmw&mm m 4 

it, U&mt (- 5 0°Cfrt> 1 0 0°C*T*) iCfcSv— 

te, r>; t -t;u . . 7^7^ k • 7^ 6 
6, 3618 (198 9) j ^lcf2® £ tlfc, ft*4**P 
CO^i^o T G a A s ^ ilfclf 0 . 4 

AimOI n S bi(CO^tWi:l^^t 0 
[0 0 2 7] (gj4^£tl£J;9^ t£5feCD^fc-CGa 
As^S-hf-^^tvfc, M/?0. 4|/m^)InSbl 
Ov--Mg1n^ M2 1) fi, t&g^-5 O^^ib 1 
oo°c^T^b-r^Pp1ic:^:#<^u N ^-#rt>^>-r 

fc t>fc o r ffi v *bfls« ffltfe Sr.*rr 6 r fc a* w & 
[0 0 2 8] a*a«(;:*5v^T«[. InSb^SSi 

7k5p*lRlO»^»^ I n S b £1^— IW> 
^E-^ffcTVV^ — . #y . >f >^r>i* (A I G 
a I nSb) ^+yr«J&JI4rRft*ri:fcJ:o'r. J£ 

I n S b»Yfc^**ft:#»»«&t^rttSrfflV^iMI 
ffrSHtfSpTffi^ftofco r<D«**3gWO I n S hlkit 

[0 0 2 9] 

[mi] 
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[HI 3] *J8W^*5ttSAl ^GaOlM^y/st 
£><5^^ (A 1 o. 7 Gao.3 ) x I n i - x S b V T 

mmm<p<Dxmt&Rmm (nm) <ou»i:»r^^y 
[in 4] *&m<D*m#mw&x*ft*:$miz.j:z i n s 

biCfclt^v/- h«Bt«[Oia*^ J:6«ftSrH:tt bfc 

[«F#G>BWi] 
20 i ^IfittttffiK 

2 K— fcT^Sttfcl nSb/<77ri 

3 T>- K— ^1 n S bffiffiB 

4 K-b°V^$tt7cM^-A I Ga I nSb^t!i7i 

mm 

5 ryK-^inSb^t^yi 

1 1 *H6*ttG a A s ££ 

12 A 1 o. 105 Gao.o45 I no.esS bi 

1 3 K— t^^^tLTt I nSb^77rl 

1 4 TV K— -7 I n S b?gf£Ji 

30 15 K— t°>^§tt7tM^A 1 o. 105 Gao.045 In 

0.85S bf 

16 I n S b^riry^JB 

1 7 »W1I 

i 8 

2 1 '&&mc£Z> I n S b»JH£<Dv— bgfiiMS^ 

2 2 (Of b«4b¥«#*JR<o >- h efetffiftitft 

[02] 

1 7 




-5- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



